Introduction
The glutathione S -transferase (GST, E. C. 2.5.1.18.) isoenzyme family has w ell-defined roles in detoxification reactions in plants (M arrs, 1996; D ixon et al., 1998; Som m er and Böger, 1999) . These enzymes are hom o-or heterodim eric com binations of different subunits. G ST isoenzym es catalyze the conjugation of glutathione (G S H ) to various xenobiotics (including num erous h erb i cides) and their electrophilic m etabolites to p ro duce less toxic and m ore w ater-soluble th io eth er conjugates. They are also capable of catalyzing the breakdow n of toxic lipid hydroperoxides and thereby contribute to the p rotection of plants against oxidative m em brane dam age (M arrs, 1996) . The nitrodiphenyl eth e r herbicide acifluor fen (5-[2-chloro-4-(trifluorom ethyl)-phenoxy]-2-nitrobenzoic acid) is know n to induce th e accum u lation of p rotoporphyrin IX and o th er tetrap y rro le derivatives in plant leaves (M atringe and Scalla, 1988; Sandm ann and B öger, 1988) . In the presence of light and m olecular oxygen, the accum ulation of protoporphyrin IX results in the increased p ro duction of reactive oxygen species, photooxidative m em brane dam age and, ultim ately, cell death. A cifluorfen and oth er nitrodiphenyl e th e r h erb i cides are m etabolized via G SH -conjugation in plants, and their selective action is prim arily due to differences in herbicide detoxification rates (Köm ives and G ullner, 1994) . E xposure to aciflu orfen and to the structurally related herbicide oxyfluorfen led to considerable G ST induction in di cotyledonous plants (G ullner et al., 1991; K norzer et al., 1996) , but no data have been rep o rted about th e ir effects on the m onocotyledonous w heat. R e cently the total subunit com plem ent of w heat G STs has been characterized (Pascal et al., 1998) , and the inducibility of G ST subunits by a h erb i cide safener has been rep o rted (Pascal and Scalla, 1999) . In the present study we have investigated the induction of various G ST subunits in w heat seedlings exposed to acifluorfen.
Materials and Methods
Seeds of w heat plants (cv. C ourtot) w ere sown in quartz sand. Seedlings were cultivated in a grow th cham ber set at 25/20 °C (day/night) and 350 ^imol m r 2 s _1 PAR. They were supplied with one-fifth strength H oagland solution. Five-day-old seedlings w ere trea ted with 50 |im acifluorfen dis solved in the n utrient solution. A t one-day in tervals, tissues w ere frozen in liquid nitrogen and the soluble proteins extracted as previously d e scribed (Pascal and Scalla, 1999) . G ST activities w ere m easured in 16500xg supernatants of shoot and ro o t tissues extracts, by using l-ch lo ro -2 ,4-din itrobenzene as substrate (Pascal et al., 1998) . The to tal G ST com plem ent was purified from shoots by affinity chrom atography on G SH -agarose gel and the subunit com position was investigated by reversed-phase H P L C as described earlier (Pascal and Scalla, 1999) . Protein contents of plant ex- 
Results and Discussion
E xposure of w heat seedlings to 50 acifluorfen in the light resulted in an im m ediate inhibition of grow th. Fresh weights of shoots increased by 126% in five days for control seedlings, and only by 43% for acifluorfen-treated sedlings. D uring th e sam e period, root fresh weight increased by 45% for control plants, and only by 3% for aciflu orfen -treated plants. A fter 2 days of treatm ent, the fresh weights of shoots and roots of the herbicidetre a te d plants am ounted to 6 8 . 8 ± 3.0% and 85.6 ± 11.8% of the controls, respectively. A cifluorfen tre a tm e n t also induced photobleaching in shoot tissues. B leaching was first visible 2 days after treatm en t, and concerned especially the top half of the prim ary leaves at day 5. In control shoots, th e chlorophyll content slightly increased from day 0 to day 5 (from 1.19 to 1.44 mg per g fresh w eight). In acifluorfen-treated shoots, it decreased during th at p eriod from 1.19 to 0.807 mg p er g fresh weight, and it am ounted to 8 6 .2 % of the con trols after 2 days of treatm ent.
A t the sam e tim e as these phytotoxic effets, acifluorfen treatm en ts led to the m arked induction of G ST activities, particularly in shoots. The G ST activity in acifluorfen-treated shoots was 2 .8 -fold higher th an in controls two days after the h erb i cide treatm en t (Fig. 1) . This increase persisted at least until 5 days following exposure, since at that tim e the activity in treated shoots was 2.9 tim es higher th an in controls. G ST activity was induced also in the roots, but to a m uch lesser extent than in th e shoots.
To characterize the effect of acifluorfen on w heat G ST enzymes, the total G ST content was extracted from shoot tissues, purified by affinity ch rom atography and the G ST subunit com posi tion was investigated by reversed-phase H PLC (Fig. 2 ). In accordance with earlier studies (Pascal and Scalla, 1999) cal and Scalla, 1999). A cifluorfen treatm ent (50 [xm) did n ot result in the appearance of any new subunits. H ow ever, the levels of the m ajor su bunits 2 and 3 w ere selectively increased, and 2 days after tre atm en t their peak areas were 3.2-and 3.9-fold higher than in u n treate d controls, respec tively (Fig. 2) . Several unidentified m inor peaks eluting at 3 4 -3 7 mins w ere also m ore abundant in acifluorfen-treated samples, b ut they have not been characterized. The levels of the other m ajor subunits w ere unchanged or only slightly modified by acifluorfen.
Lim ited inform ation is available about GST iso enzym es in w heat (Cum m ins et al., 1997; Pascal and Scalla, 1999) . P athogen attack was shown to induce the transcription of a gene coding for a 29 kD a G ST subunit. Two m ore G ST subunits of ap p a re n t m olecular m asses of 25 and 26 kD a were also identified, which w ere inducible by heavy m etals and herbicides (M auch and D udler, 1993) . E arlier studies show ed that subunits 2 and 3 o b served in our experim ents possess m olecular m asses of 24924 and 24958 D a, respectively (Pas cal and Scalla, 1999) . In addition, the N -term inal am ino acid sequence of w heat subunit 2 was show n to be very close to that of m aize G ST 27, w hich is inducible by chem icals (Pascal et al., 1998) . A G ST isoenzym e consisting of subunit 2 and 3 purified from w heat shoot was able to m e tabolize the diphenyl eth er herbicide fluorodifen, but did n ot exhibit any glutathione peroxidase ac tivity (Pascal and Scalla, 1999) . These results sug gest th a t the w heat G ST subunits 2 and 3 induced by acifluorfen treatm en t could participate rath er in the detoxification of acifluorfen than in the p ro tection against the oxidative stress caused by the herbicide.
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